Abstract-When the cooking oil is used repeatedly, several unwanted substances are generated, which may cause health problems. This study was conducted to determine the possibility of using the impedance spectroscopy to differentiate among varying cooking oil quality at various intervals of heating time at constant temperature. The frequency has started from 100 Hz to 100kHz. Fresh, 10-hour, 20-hour, 30-hour, and 40-hour heated cooking oil was prepared by using lab oven at temperature of 180oC. In this study, a sensing probe was designed to measure the electrical properties of the oil samples. The oil samples were analyzed using a viscometer to measure the viscosity of the oil, a sensor to measure total polar compound (TPC), and an impedance probe connected to a LCR meter to measure the electrical properties of the oil. The measurements were analyzed and correlated with oil quality parameters obtained from a viscometer and a sensor of TPC. The discrimination between different heated hours of oil samples was examined and the results were compared to their physico-chemical properties such as viscosity and total polar compounds. The effect of heating of frying oils were successfully evaluated and discriminated using the impedance spectroscopy. Significant correlations (r -0.98472) were found between changes in total polar compound properties of oil and the impedance values.
I. INTRODUCTION
Controlling quality of cooking oil becomes essential in fried food industries. During frying, various chemical processes occurred like hydrolysis, thermal oxidation, and polymerization. These occurred in the presence of water produced by food being fried, oxygen and high temperature, leading to decomposition of the food which badly affect the flavor and color [1] - [3] . In addition, using oil continuously or repeatedly without monitoring the quality may hazardous to human health [4] - [6] .
Many criterias are been used to evaluate whether the oil can be used again or need to be discarded. These criteria can be divided into physical and chemical indicators. In homes, Manuscript cafeterias, restaurants and food service, the indicator is the change in physical properties of the frying oil, such as too much smoke, the oil becomes dark, greased texture, and strong odor [7] . However, these changes may only manifest when the oil quality has already become unusable. On the other hand, chemical properties such as; free fatty acid (FFA) [8] , total polar compounds (TPC) [9] , index value (IV), and peroxide value (PV) of the frying oil [10] are the proper pointer for evaluating the oil quality during frying. In laboratories and industries, chemical test is been used to determine oil quality. However, it's time consuming, expensive and expertise is required to conduct the appraisal.
Several technical methods are used to assess oil quality such as image analysis to determine the total polar compound [11] , column chromatography [12] , and Fourier Transform Infrared (FTIR) [13] , however, these methods are time consuming and laborious. Therefore, more fast and easy analytical method should be considered for evaluation cooking oil quality. In this study, we developed impedance sensor probe using impedance spectroscopy technique. The objective of this study is to develop and evaluate a sensing system to assess cooking oil quality. Specifically, this study was trying to correlate the impedance measurement of the heated oil with the TPC value at different frequency.
II. MATERIALS AND METHODS

A. Sample Preparation
Palm oil was bought from local market and of good quality. The oil was divided into five samples of 150ml each; unheated, 10 hours heated, 20 hours heated, 30 hours heated, and 40 hours heated, as shown in Fig. 1 . 
B. Impedance Sensing Probe Design
The sensor used is the planar-interdigitated electrodes, between and around which the oil conductance is measured. The sensor was designed by using Traxmaker program. The sensor structure was designed with some variables, where n is referred to the number of electrode teeth, d is a fixed separation distance between the teeth, A is the area which arranged in parallel, as shown in the Fig. 2 and є r is the relative permittivity of the dielectric material. This sensor configuration is referred to as two interdigitated electrodes. The bonding pads connect the interdigitated electrode with soldering wires area. This sensor was 20 mm by 10 mm in size with the interdigitated electrode structure patterned on one side of the copper foil. The back side of the PCB under the sensor electrodes had a solid layer of solder mask. This sensor had 30 electrode teeth. The electrodes are supported by a rigid substrate so the sensor structure does not change with contraction, pressure or expansion of the cooking oil samples.
The impedance value depends on the capacitance measurements from the sensor. The capacitance values can be affected by electric flux and fringing fields. When the distance of electrode separation is much smaller than the magnitude of the area in overlaps tooth, the capacitance between opposing teeth is due to electric flux and is not due to fringing field effect. However, since the border around two parallel plate electrodes with same distance separation and overlapping area is much smaller the perimeter around the teeth, in this case consider the fringing effect greater in interdigitated electrode. When the separation distance is in the same order as the height of the teeth, much of the capacitance will be as a result of the fringing field outside of the space directly between the interdigitated teeth. The density of electric flux changed in the sensor's surface attributed to the dielectric constant changes of cooking oil. 
C. Measuring the Oil Quality
The TPC of each sample was examined using Testo (Cooking oil sensor 270 manufacturer by Testo). Then the impedance measurement for the samples was performed at 60 o C temperature. Using the impedance sensing probe connected to a LCR meter with two parallel clips (HIOKI, 3532-50, Japan, frequency accuracy: < ± 0.005%, measurable impedance range: 10.00mΩ ~ 200.00mΩ), as shown in Fig. 3 . The frequency range used was from 100Hz to 100kHz. The viscosity (mPa.s) of the samples was also measured using Vibro Viscometer (SV-10 Series, A&D Company, Limited). Since the properties of the oil can be changed with the temperature of oil, all measurement was taken at a constant temperature. After each testing the sensing probe was cleaned with soft tissue before next testing. Each measurement was conducted five times.
III. RESULTS AND DISCUSSION
A. Oil Viscosity Measurements
The viscosity of palm oil samples increased significantly as the heating hours increased. In the testing of oil viscosity the temperature was constant at 60 o C to avoid the thermal movement among molecules [14] . The viscosity value of the unheated oil is 18.9mPa.s while in the 40 heating hours the viscosity is 26.8mPa.s as shown in Table I . These results may be explained by the fact that the increasing of saturation of the oil constituents [15] . Moreover, the increasing of viscosity is related to the polymer content. Polymerization also has been assigned to the construction of unwanted compounds. Additionally, the quality and palatability can be affected by the viscosity during the heating directly by influencing the oil absorption of the product [16] .
B. Total Polar Compounds Measurements
The TPC increased significantly with prolonged heating time. It has been recommended that when the TPC is more than 24-27%, the oil should be discarded [17] . The amount of polar compounds in fresh oil was 7.5% and reached to 27% after 40 h heating as shown in Table II . Changes in the polar compounds during heating were significantly of formed new compounds that have higher polarity such as diacylglycerides, triglycerides, and fatty acids [18] . These new compounds formed due to high temperature during heating as well as the presence of air and moisture. 
C. Oil Impedance Measurement
As shown in Fig. 3 , the impedance of the unheated oil samples as function of frequency has highest impedance values comparing to heated samples. While the 40 hours heated sample has the lowest impedance values. The variations of these results are possibly due to dipole content in the fat particularly the phospholipid [19] . Also, in the graph, impedance values decreased over the range of frequency (100Hz to 100kHz). The dipole density and electric susceptibility increased, as the amount of the fat in the oil increased. This leads to the decrement of the impedance of the oil samples. We also could see in the figure shown, a clear difference of the impedance value of the oil samples at low frequency ranges. However, at high frequency all the impedance measurement values are overlapped. Significant correlation found in Fig. 4 , the correlation between the impedance values with the total polar compounds at frequency 100Hz with r 2 of -0.98472. Fig. 3 . Impedance of different heated oil samples across frequency between 100Hz to 100kHz. 
IV. CONCLUSION
The result in this study shows a significant correlation between impedance value and TPC at different heating intervals (hours). Impedance spectroscopy method can be considered as an alternative method for measuring oil quality.
